OBJECTIVE: To relate psychological pro®les, cerebral asymmetry and the hypothalamus ± pituitary ± adrenal axis (HPA) reactivity to clinical characteristics of common obesity. METHODS: Sixty consecutive adult female overweight and obese patients attending the outpatient endocrine department were included in this study. Clinical evaluation speci®cally selected a priori the following indexes: obesity age of onset, parenthood obesity, carbohydrate craving, binge eating with purging, obesity degree (de®ned by the body mass index (BMI) Ð weight (kg)aheight (m 2 )), body fat distribution (de®ned by the abdominal ± thigh ratio (AaT)) and initial weight loss after medical treatment. Psychological evaluation was performed with the Minnesota Multiphasic Personality Inventory (MMPI). In the last 30 patients, the Edinburgh Inventory of Manual Preference (EIMP) and the corticotrophin-releasing hormone (CRH) test were also performed. RESULTS: Clinical characteristics de®ned a priori were independent variables as evaluated by contingency table analysis. Factorial analysis of variance (ANOVA) revealed a signi®cantly different MMPI pro®le, according to parental obesity, with posthoc signi®cantly higher scores on the hypochondriasis (Hs), paranoia (Pa), psychasthenia (Pt) and schizophrenia (Sc) scales in patients with obese parents. Obese patients presented signi®cantly higher dichotomized manual preference indexes in relation to overweight patients. Parental obesity, binge eating behaviour with purging, body fat distribution and the dichotomized manual preference index were independent signi®cant factors for the ACTH response in the CRH test, together explaining 41% of the response variability. Age of onset of obesity and the dichotomized manual preference index were independent and signi®cant factors for the cortisol response, together explaining 37% of its variability. A non-normal distribution was found for the ACTH response: high-and low-responders presented signi®cantly different MMPI pro®les, with high-responders presenting higher scores on all clinical scales except masculinityafemininity (Mf). CONCLUSION: Overweightaobese subjects with parental obesity present a distinctive personality pro®le and a higher ACTH response in the CRH test. Cerebral asymmetry may be a relevant factor for obesity development and is associated with the HPA reactivity. HPA reactivity is a sensitive index integrating clinical, psychological and neural asymmetric factors. International Journal of Obesity (2001) 25, 24 ± 32 
Introduction
Obesity is now considered a major public health problem with high direct and indirect economic costs. 1 ± 3 Social and medical pressure to maintain thinness may on the other hand be related to the increasing prevalence andaor recognition of anorexia and bulimia nervosa, at least in young women. 4 ± 6 Health psychology emphasizes the importance of behavioural factors in order to understand who gets sick, and then who recovers. 7 Psychological assessment of obese patients identi®es speci®c problems, like dissatisfaction with body image, increased depression and irritability while dieting, increased prevalence of carbohydrate craving and binge eating with or without purging, as well as a strong social prejudice, prevailing even in the medical setting. 8 ± 10 However despite an early interest, the search for a distinctive personality in obese patients remains elusive and psychopathology is not considered to be more common in this group. 8,11 ± 16 More recently hyper-reactivity of the hypothalamic ± pituitary ± adrenal axis (HPA) has been shown to occur in central or android obesity. 17 Hypercortisolism has been related to perceived stress Ð a fundamental psychological process Ð and to be associated with the metabolic and hemodynamic associated disturbances. 18 Interestingly enough, centralaandroid obesity has been associated with psychosocial distress. 19, 20 HPA dysregulation has also been reported in anorexia nervosa and in some psychiatric disorders, like major depression, as well as in some personality disorders. 21 ± 24 A psychodynamic basis for the HPA reactivity is therefore suggested.
Cerebral lateralization is a general phenomenon, present in several species, that is established before birth, depending on steroid organizative effects. 25 ± 27 In man lateralization of cognitive functions, like language, attention, arithmetic, musical and spatial talents, has long been recognized. Particularly to the point, emotions are clearly lateralized, one example being the vegetative and endocrine component of emotive expression. 28, 29 Given the central control of the endocrine function and in particular of the HPA axis, it is possible that the asymmetry would also be apparent at this level, and contribute to individual variability. The same asymmetry may also be relevant in the pathogenesis of weight gain, since visceral sensation is postulated to be operant in the control of eating behaviour. 30 We aimed to evaluate the personality pro®le of obese patients in relation to common clinical characteristics. Sixty consecutive female patients were therefore enrolled in the study. In the last 30 patients we also performed the corticotrophin releasing hormone (CRH) test, and evaluated cerebral asymmetry by a common, extensively validated manual preference inventory. We now report on the relation between clinical subtypes, personality pro®les, cerebral asymmetry and neuroendocrine reactivity in these patients.
Patients and methods
Sixty consecutive adult female overweight (body mass index Ð weight (kg)aheight (m) 2 ) were also included as a control group; these patients were referred because of goitre, and were found to present normal thyroid function tests (triiodothyronine (T3), thyroxine (T4), free thyroxine (fT4) and thyroid stimulating hormone (TSH)) with negative antithyroid antibody values (antiperoxidase (TPOAb) and antithyroglobulin (TgAb)). Ultrasonographic thyroid scans showed one or more nodular lesions, each with less than 5 mm diameter; these patients did not present any other pathologic condition and no medical treatment was initiated prior to this evaluation. Informed written consent was obtained in every case and the study protocol was approved by the Hospital Ethical Committee.
Clinical evaluation of overweight and obese patients was performed as previously described and included a questionnaire assessment of eating and physical activity habits, previous weight records, and the presence or absence of obesity in ®rst-degree relatives. 31 The presence of other pathology as well as pharmacological drug use was also speci®cally assessed. Carbohydrate craving and binge eating behaviour with purging were assessed on a yesano basis from an openend interview by one of us who is experienced in the evaluation of obese patients, and generally following the Interview for Diagnosis of Eating Disorders (IDED). 32 Height and weight were determined without shoes or coats. The abdominal and thigh perimeters were measured according to international recommendations; from there the abdominala thigh ratio (AT, non-dimensional) was derived. 33 In the overweightaobese group, the following indexes were used to de®ne a priori clinical subtypes: age of obesity onset (childhood`10 y; after childhood); parental obesity (no obese parent; one or both parents with obesity); carbohydrate craving (yes or no); binge eating with purging (yes or no); obesity degree (overweight, 25 Personality evaluation was carried out in every patient, with the Portuguese translation of the Minnesota Multiphasic Personality Inventory (MMPI). 34 The test was performed in the morning, beginning at 10 ± 11 h am, in a quiet room, and the patient was left alone after a brief introductory statement and explanation. In the last 30 overweightaobese patients and in all the subjects from the control group, the Edinburgh Inventory of Manual Preference (EIMP) was used to assess hand preference as an index of cerebral asymmetry. 35 Scoring on both inventories was carried out according to the bookletaauthor's instructions.
Within the same week, and before beginning any treatment, pharmacological or otherwise, venous blood was collected from an antecubital vein, between 8 and 9 h am, after an overnight fast, for a complete haematological and biochemical evaluation. In the last 30 overweightaobese patients and in all the control subjects, a CRH test was then performed as follows: a patent line was maintained at the antecubital vein by the slow perfusion of sodium chloride 0.9%, the patient being in the supine position; samples were collected at À15 and 0 min, this last one being used as the baseline; at time 0, CRH (human form (hCRH), CRH Ferring GmbH, Kiel, Germany) was administered as a bolus (1 mgakg); further blood samples were obtained at 5, 10, 15, 30, 60 and 120 min. Blood samples were immediately refrigerated at 4 C; the serum was separated within 2 h, and kept frozen at À20 C until the assay within 2 weeks. In the overweightaobese group, treatment was next prescribed, consisting of a dietary and exercise plan, nondigestible ®bre before every meal, metformin (500 mg twice daily) and¯uoxetine (20 mg twice daily) in every case. Patients were evaluated again within 2 months. Initial treatment response was used for the de®nition of obesity clinical subtype: a positive response was considered to occur if at least 4 kg weight loss had occurred in the absence of signi®cant side effects. Medical treatment was then adjusted as appropriate, but later data was not used for this study.
Immunoradiometric assay (IRMA) and enzyme-linked immunoassay (ELISA) methods were used for ACTH (IRMA, Nichols Institute, San Juan Capristano, USA), cortisol, T3, T4, fT4, TSH, TPOAb, and TgAb (ELISA, Immulite, Diagnostic Products Corporation, Los Angeles, USA) measurements. The intra-and interassay variation coef®cients were less than 10% in every instance.
Statistical analysis was accomplished with the Statistical Package for the Social Sciences Program (SPSS) (SPSS Inc., Chicago, USA). Results are expressed as percentages or as the mean AE standard deviation as appropriate. The area under the curve (AUC) for the ACTH and cortisol responses to CRH was computed according with the trapezoidal rule. The normal distribution of continuous variables was veri®ed by the Kolmogorov ± Smirnov goodness of ®t test. Contingency table analysis, w 2 tests, one-way or factorial analysis of variance (ANOVA), were used to examine differences between groups as de®ned. For the variables not showing a normal distribution the Mann ± Whitney rank order test was used. The limit for statistical signi®cance was 0.05.
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Results
Sixty consecutive adult (b18 y old) female overweight or obese patients (BMI b25 kgam 2 ) were enrolled in this study. Clinical characteristics of the overweightaobese group are summarized in Table 1 . Age and the AT ratio were not signi®cantly different in relation to the control group. Overall overweightaobese patients were young, generally with a non-skilled job and less than a college degree; most of these patients reported an inadequate diet plan Ð two to three meals per day comprising largely carbohydrate, with free sugars and saturated fat Ð and no regular physical activity; most were non-smokers, with no regular alcoholic consumption, without other relevant medical pathology and with no regular pharmacological drug use (data not shown). Results from the haematological and biochemical evaluation were unremarkable except for mild dyslipidaemia in some subjects, and are not presented.
Results from the psychometric evaluation, MMPI validity and clinical standardised t-scores, are presented in Table 2 . The personality pro®le presented the highest scores on paranoia, psychasthenia and schizophrenia (Pa, Pt and Sc) scales with the lowest scores found on masculinity ± femininity and social introversion scales (Mf and Si). Comparison with the control group, using factorial analysis of variance, by scale and group, revealed a signi®cant group effect (F(1, 1036) 3.856, P`0.05) with no signi®cant scale ± group interactions; post-hoc analysis for the different scales revealed signi®cant higher values on the Pt scale in the overweightaobese group, t 2.00, d.f. 73, P`0.05.
The distribution of the Edinburgh manual preference index scores was clearly non-normal and was best described by an inverted parabola. Results in the overweightaobese group (n 30, 69 AE 35) were not signi®cantly different from those found in the control group (n 15, 85 AE 19, Figure 1 ).
In Table 3 the results for the CRH test are presented. ANOVA by the sampling time factor showed a signi®cant response for both hormones (F(6, 309) 5.931, P`0.001 for ACTH and F(6, 309) 5.995, P`0.001 for cortisol); the ACTH response was, however, much larger and earlier than the cortisol response. Basal ACTH and cortisol were not signi®-cantly related; however the ACTH and cortisol responses, as evaluated by the difference between peak and baseline levels (D) were signi®cantly and directly correlated (n 45, r 0.350, P`0.05). The ACTH and cortisol responses, evaluated as the area under the curve (AUC), were not signi®cantly different between overweightaobese and control groups.
Further exploration of psycho-, neuro-and endocrine relations was performed only within the overweightaobese group as follows. Clinical characteristics, de®ned a priori Ð age of onset, obese parents, carbohydrate craving, binge eating with purging, degree of obesity, type of body fat distribution and initial response to treatment Ð were independent, insofar as no signi®cant association between each Factorial analysis of variance (ANOVA) of MMPI scale scores by clinical subtypes revealed a signi®cant main effect only for parental obesity: F(1, 838) 8.510, P`0.005. Post-hoc analysis revealed signi®cantly higher scores on the scales Hs, Pa, Pt and Sc for patients with parental obesity (Figure 2) .
The Mann ± Whitney rank order test, revealed that obese patients presented signi®cantly higher manual preference indexes than overweight patients, 78 AE 27 vs 55 AE 42, Z À2.117, P`0.05.
CRH testing showed a large ACTH response, with only a small, albeit signi®cant, cortisol response. ANOVA of the Figure 1 Histogram for the distribution of the Edinburgh Manual Preference Index. This distribution is best described by an inverted parabola (seconddegree equation) (n 45, r 0.845, P`0.001). Overweightaobese subjects, black; control subjects, white. Results are expressed as the mean AE standard deviation; for the AUC units are pgaml h for ACTH and mgadl h for cortisol. Figure 2 Minnesota multiphase personality inventory (MMPI) pro®les in patients with no obese parents (dashed line and squares) and in patients with one or both parents with obesity (solid line and triangles); vertical dotted lines in each scale extend from the highest mean value plus the standard deviation to the lowest mean value minus the standard deviation. *Signi®cant differences between the two groups by post-hoc analysis (P`0.05). For the cortisol response, factorial analysis of variance as before revealed a signi®cant main effect only for age of onset; F(1, 208) 34.361, P`0.001. Sampling time and age of onset together explained 26% of the cortisol response variability, while sampling time alone explained just 12% of that variability. Patients with obesity beginning after childhood always presented lower cortisol levels at all time moments considered, in relation to the other pair member of that clinical index, with signi®cance being reached at some of them.
CRH test results also differed signi®cantly according with the manual preference index. For the ACTH response, there was a trend when the variable manual preference index was dichotomized around the median of the observed distribution (F(1, 208) 2.882, P`0.10); however dichotomization around the P25 value reached statistical signi®cance (F(1, 208) 6.913, P`0.01). For the cortisol response dichotomization either way always reached statistical signi®cance (F(1, 208) 4.045, and F(1, 208) 9.754, respectively, P`0.05 in both cases. Dichotomization around the P25 value showed that patients with higher manual preference scores always Statistical trend for the differences between the groups (P`0.100). *Statistically signi®cant differences between the groups (P`0.05).
Psychoneuroendocrine characteristics of obesity JM Martins et al presented higher ACTH and cortisol levels at all time moments considered, with signi®cance being reached for cortisol at 10 min, while there was only a trend for ACTH at 10 and 15 min ( Figure 3A and B). For the ACTH and cortisol responses, signi®cance remained when the manual preference index was combined with previously mentioned signi®cant clinical indexes, further adding 6 and 11% to the explained variability, respectively (total l 2 0.41 and 0.37, respectively).
Peak ACTH responses occurred at 15 min and were not normally distributed (Kolmogorov ± Smirnov goodness of ®t test 1.442, P`0.03); dichotomization around the P50 value of the observed distribution was used for the de®nition of high-and low-responders. Using this criterion, MMPI scale scores were signi®cantly different by factorial analysis of variance (F(1, 418) 9.395, P`0.005). On every clinical scale considered, scores were higher in the high-responders subgroup, and post-hoc analysis, revealed signi®cant differences to occur at the level of the Pt scale, with a statistical trend for a difference at the Sc scale (Figure 4) .
Discussion
Obesity is a chronic condition for which medical treatment is rather unsuccessful.
1 ± 3 Since the pathogenesis is still unsolved a multifactorial approach is probably required.
Behavioural factors namely those related to eating and physical activity habits are probably at the core of the disease process. 38 ± 40 However, lack of speci®c preparation precludes the routine psychometric evaluation in the clinical setting. Cognitive oriented strategies systematically consider this approach, but speci®c traitsabehaviours are often de®ned, which are dif®cult to integrate in more global pro®les. 40 More recently a particular neuroendocrine dysregulation, hyper-reactivity of the HPA, has been described in central or android obesity. 17 Central obesity has been related to stress Ð a fundamental psychological process. 18 ± 20 This and other evidence relating HPA activity to psychiatric and personality disorders suggests the relevance of psychodynamic factors in the control of the HPA function. 21 ± 24 Given the central control of the HPA activation, it is reasonable to postulate that cerebral asymmetry as re¯ected by manual preference might show differences at this level. In fact there is some evidence supporting this possibility. 28, 29 Obesity is not a homogeneous condition and the term obesities' should probably be used instead. 41, 42 Comparisons between normal and overweight subjects may therefore be considered as preliminary. The purpose of this study is to attempt an integrated psychoneuroendocrine approach, and to relate common clinical characteristics to the personality pro®le, cerebral asymmetry and the neuroendocrine reactivity. Besides helping to characterize obesity subtypes, this may result in improved knowledge of relevant bio-and psychological relations and constraints.
In this study, young female patients were considered; although this is the group that most commonly seeks medical attention because of obesity, this is not the most medically relevant group of obese patients. 3 Overall a typical pattern was found: patients reported an inadequate diet plan and minimal physical activity; parental obesity was common and for most patients obesity began in adulthood. 31 The clinical indexes selected a priori (age of onset, parental obesity, degree of obesity, type of body fat distribution, carbohydrate craving, binge eating behaviour with purging and initial weight loss) are commonly used.
± 43
Figure 4 Minnesota multiphase personality (MMPI) pro®les in high ( ! P50 of the observed distribution Ð full line, triangles) and low-ACTH responders (`P50 of the observed distribution Ð dashed line, squares). Vertical dotted lines in each scale extend from the highest mean value plus the standard deviation to the lowest mean value minus the standard deviation.
# Statistical trend for the differences between groups (P`0.100). *Signi®cant differences between the two groups by post-hoc analysis (P`0.05).
Psychoneuroendocrine characteristics of obesity JM Martins et al Dichotomization used for some of them, like age of onset and parental obesity, seems justi®able, highlighting relevant genetic and developmental factors. However, as shown in this study, clinical indexes are crudely independent factors; this would indicate that each gives additional information, but at the same time they do not support a coherent global model.
Psychometric evaluation, using the common MMPI, suggests a global pro®le de®ned by higher scores in Pa ± Pt ± Sc scales and lower ones in the Mf ± Si scales. A similar pro®le has also been reported by others, namely, the lowest score being in the Mf scale, which can be interpreted as indicating a passive, dependent, non-assertive and non-aggressive personality.
11 ± 13 The predominant scores in the Pa, Pt and Sc scales are consistent in the sense that scores in these scales are generally directly related and de®ne a psychopathological axis, the psychotic triad, as revealed by cluster analysis. 11 ± 13 Parental obesity was signi®cantly associated with different personality pro®les. Patients with one or both obese parents presented higher scores on most clinical scales, with signi®-cant differences on four of them; these included the three scales generally associated by cluster analysis, and which seem to globally characterize obese patients in general. Taken together these data suggest the possibility of a characteristic pro®le that, like obesity itself, could be genetically transmitted.
Except for parental obesity, we found no signi®cant association between clinical indexes and the personality pro®le; this has been shown, however, both for obesity beginning during childhood, 44, 45 and among patients with binge eating disorder; 10,13,14,46,47 some differences could also be expected in relation to central vs peripheral body fat distribution 19, 20 and in relation to treatment response. 16 It seems curious that such psychological constructs like carbohydrate craving 9, 48 and binge eating 10 are not associated with any personality differences. Therefore the lack of signi®cant associations probably indicates either that the associations are not particularly strong andaor that other psychological dimensions or psychometric instruments must be used; alternatively other clinical indexes should perhaps be de®ned.
Cerebral asymmetry as evaluated by the EIMP revealed the typical non-normal distribution, which conforms with the hypothesis of a dominant left-shift gene, whose absence would result in chance distribution of cerebral asymmetry, as proposed by Annett. 49 Interestingly enough, right handedness predominance was associated with obesity vs overweight; similar data has been previously reported, albeit with the use of different methodology. 30 Since parental obesity was not a signi®cant factor for cerebral asymmetry, this more probably suggests that neural axis asymmetry may play a developmental in¯uence on obesity acquisition, as has been proposed by others. 29, 50 CRH testing resulted in a large ACTH response with a minor, albeit signi®cant cortisol response. Crudely, this kind of response agrees well with previous reports. 17 The ACTH and cortisol responses evaluated by the response delta were signi®cantly related, therefore a central origin is strongly suggested. Interestingly enough, ACTH peak responses were not normally distributed, suggesting different subgroups.
Results from the CRH testing are certainly surprising; although data interpretation may be non-consensual, the HPA reactivity is generally assumed to be a good marker for central obesity and to be related to the metabolic and haemodynamic associated disturbances. 17 ± 19 This was also found in the present report. What emerges, however, is that the ACTH and cortisol responses are very robustly and independently related to several of the clinical indexes used and also to the pattern of cerebral asymmetry. Furthermore the HPA reactivity is also related to the personality pro®le. This corroborates other reports showing HPA activity and reactivity to be strong individual characteristics, with an important genetic component, but also with marked plasticity. 51 ± 53 Interestingly, parental obesity was associated both with a particular personality pro®le and with a marked ACTH response, suggesting both these elements to be related and genetically dependent.
In conclusion, a multifactorial approach to obese patients is rewarding. Clinical characteristics, the psychometric pro®le, the pattern of neural axis asymmetry and the neuroendocrine dysregulation are interrelated in multiple and subtle ways. HPA hyper-reactivity depends on all of them, thereby functioning like a sensitive and integrative index. Cerebral asymmetry is a personal characteristic that may be important in the developmental acquisition of obesity, possibly in relation to postulated visceral feedback theories; cerebral asymmetry is also distinctively associated with HPA reactivity. A particular personality pro®le seems to characterize obesity; furthermore this could be genetically transmitted, as would be expected according to modern views on the fundamental inherited nature of personality. 54 Three ®nal remarks are probably justi®ed. The psychometric and endocrine evaluation used in this study is rather expensive and time-consuming, by necessity implying a limited sample size; this may be considered as a rectriction for present conclusions that must be con®rmed and extended in other studies, maybe using more speci®c methodology. The strength of some of the reported associations may seem small; this should not diminish the relevance of present conclusions: psychoneuroendocrine associations and constraints are by nature`soft' ones, not like those to be found in the physical realm of science. 55 Also some of the reported results may seem fragmentary; this is true, for the present report must be considered as a contribution to the work of putting together several different threads.
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